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ds.2012.0Abstract Objective: This study was designed to compared the shear bond strength of two forms of
opaque porcelain (paste and conventional powder/liquid) to metal substructure. Furthermore, the
Scanning Electron Microscope (SEM) was used to determine the mode of failure.
Materials and methods: Sixty metal specimens were casted into Talladium alloy (Talladium Inc.,
Los Angeles, Calif.) and prepared to receive one of three commonly used porcelain systems in mar-
ket; Vita VMK 95 (VITA Zahnfabrik H. Rauter GmbH & Co. KG), Ceramco 3 (Dentsply Ceram-
co, Burlington, NJ) and GC Initial MC (GC America Inc., Alsip, IL). Each material was tested in
two forms; conventional powder/liquid form and paste form. Six different groups were established;
the conventional porcelain groups were used as reference for comparison (n= 10). After 48-h stor-
age in water at 37 C, specimens were separated using Instron machine and the maximum force
needed for separation was recorded and failure stress was calculated. Scanning Electron Micro-
graphs (SEMs) were used to determine the mode of failure at ·1500. Statistical analysis was con-
ducted.
Results: A signiﬁcant effect of shear bond strength was found across materials, forms and inter-
action (P< .05). Vita VMK 95 had the highest shear bond strength (14.11 MPa ± 0.775) in the
powder/liquid form, while Ceramco 3 showed the highest strength in the paste form
(21.03 MPa ± 0.5). GC Initial MC showed the lowest strength in the conventional1 4677325, mobile: +966
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42 M.D. Al Amri, I.A. Hammad(8.24 MPa ± 0.097) and paste form (14.16 MPa ± 0.28). Paste opaque porcelain produced signif-
icantly higher shear bond strength than the conventional powder/liquid form with all combinations
tested.
Conclusion: It was concluded from this study that paste opaque porcelain can be used with con-
ﬁdence during fabrication of ceramometal restorations.
 2012 King Saud University. Production and hosting by Elsevier B.V.Figure 1 Conﬁguration of the test specimen (all dimensions are
in millimeters).
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The metal-ceramic restorations (MCR) are widely accepted es-
thetic restorations. For a metal to be used in MCR, it should
be biocompatible, so that it does not cause harmful toxicolog-
ical or allergic reactions to the patient or dental team members.
In addition, it should have adequate physical properties, be
easy to manipulate and be relatively inexpensive [20]. The suc-
cess of the MCR depends on the presence of a strong bond be-
tween porcelain and metal substructure [10]. Proper techniques
and careful selection of porcelain and metal combinations are
essential for clinically successful MCR. For proper bonding,
the coefﬁcient of thermal expansion of the ceramic and metal
should be compatible [3,23].
An understanding of the bonding mechanism is essential for
successful metal-ceramic restorations. Although various theo-
ries and concepts have been proposed for the actual mecha-
nism of bonding, it still remains elusive [14]. The standard
requirement for the bond strength of dental ceramic materials
(ISO 6872: 1995, DIN 13925) and metal-ceramic systems for
dental restorations (DIN EN ISO 9693: 1995/ISO 9693:
1999) is 25 MPa, and several authors have proposed the use
of the shear bond test for strength evaluation [26,27]. It has
been noted that the metal surface treatment before applying
porcelain is the primary factor for good adhesion between
the two materials, and dental laboratories generally use air-
borne aluminum-oxide (alumina) particles to abrade the tita-
nium surface before porcelain application [5].
The metal porcelain bond has been studied extensively. The
studied effects include; the alloy type [7,24], application tech-
nique [18], surface treatment and plating [1,2,9,16], electrodepos-
ition [6,22], ﬁring cycle and temperature [8,28], thermocycling
[25,29], cooling rate [12], opaque layer thickness [4], and metal
conditioners & adhesives [11,21]. Research has proven that the
opaque porcelain layer for porcelain-fused-to-metal restorations
is critical for success since it constitutes, with oxides, the primary
bonding mechanism (Jochen, 1990). Wood et al. [31] stated
that the presence of opaque porcelain generally increased the
debonding strength for metal-ceramic systems; however, opaque
porcelain may not be necessary for a clinically acceptable metal-
ceramic bond for some metal-ceramic systems. All of these
studies utilized the conventional powder/liquid form of opaque
porcelain.
Opaque porcelain was also introduced into the market in
the form of paste as an alternative to the powder/liquid form
to facilitate manipulation. However, the literature lacks infor-
mation regarding the bond strength of this form of opaque
porcelain to the metal substructure. This in vitro study was de-
signed to evaluate the shear bond strength of the paste form of
opaque porcelain and the conventional powder/liquid form to
metal substructure. In addition, the SEM was used to deter-
mine the mode of failure.2. Materials and methods
Three porcelain brands were selected based on their wide-
spread clinical use and the marked contrast between them.
The porcelain systems investigated are presented in Table 1.
Each porcelain material was tested for the shear bond strength
at the ceramometal interface and divided by form into two dif-
ferent groups (n= 10); the powder/liquid form as control and
the paste form as experimental group.
A non-precious system, Talladium (Talladium Inc., Los
Angeles, Calif.), was used to cast the test specimens conform-
ing to the conﬁguration of the testing apparatus designed by
Hammad et al. [15]. Each test specimen consisted of two parts;
part A and part B. Both parts were used as holders for opaque
porcelain during shear bond testing. To ensure uniformity in
specimen fabrication, sheets of plexiglass were machined con-
forming to the conﬁguration (Fig. 1). A total of 60 type A
parts and 60 type B parts were made. The distal end of each
sample was slotted to be fastened in the Instron Universal test-
ing machine (Instron Corp., Canton, Mass.). Clamps were
used to restrict movement of the samples during application
of opaque porcelain and to provide consistency in technique
during the porcelain ﬁring cycles (Fig. 2).
All steps were carried out by same technician with experi-
ence in ceramometal restorations. Each specimen was prepared
in similar manner before porcelain application to achieve uni-
form surfaces; this was accomplished by using the sandblast in
25 lm ferric aluminum oxide powder on the metal alloy fol-
lowed by exposure to air steam for 10 s. The B parts were used
as holders for opaque porcelain; where the opaque porcelain
was applied in ﬁve layers to ﬁll each sample using Size #1 por-
celain brush. Excess porcelain was removed with No. #11
Figure 2 Clamping ﬁxture used to restrict specimens movement
during opaque application.
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dry for minimum of 5 min before ﬁring. Opaque porcelain
was ﬁred according to the manufacturer’s instructions for each
porcelain system in both forms. The ﬁnal thickness of opaque
porcelain was maintained at 1.5 mm for all samples. All spec-
imens were stored in water at 37 C for 48 h before testing.
A self-aligning ﬁxture was fabricated for the Instron Uni-
versal testing machine to provide a repeatable method for
introducing shear stress at the interface between the metal
and the porcelain. This was also facilitated by designing the
samples so that the interface was aligned at the midpoint rela-
tive to the thickness of each sample. Each test sample was
mounted at one end of the superior element of the Instron ma-
chine by means of a steel rod 4 mm in diameter. The other end
of the sample was mounted in a similar manner to the lower
element of the machine. The Instron machine was gradually
loaded until failure occurred. A chart speed of 1 inch/minTable 1 Porcelain materials used in the study.
Porcelain system Form N Average particle size (lm) Firing temperatu
Vita VMK 95 P/L 10 17.3 930
Paste 10 <15 950
Ceramco 3 P/L 10 8–21 970
Paste 10 <13 975
GC initial MC P/L 10 25 900
Paste 10 <20 940
Table 2 Descriptive data of the three porcelain systems tested.
Form Material N Mean (MPa)
Powder/liquid Vita VMK95 10 14.11
Ceramco 3 10 10.04
GC initial 10 8.24
Total 30 10.80
Paste Vita VMK95 10 19.75
Ceramco 3 10 21.03
GC initial 10 14.16
Total 30 18.31was selected with a crosshead speed of 0.01 inch/min. Gradual
loading was performed until the load deﬂection curve of each
sample showed a sudden deviation on the chart, indicating
bond failure.
Bond strength values were recorded and calculated in MPa.
Data were then analyzed statistically with ANOVA and t-test
for multiple comparisons (a= 0.05) using the SAS statistical
program (Version 9.1.3, SAS Institute). Furthermore, all spec-
imens were evaluated microscopically using scanning electron
micrographs (SEMs) at ·l500 to investigate the mode of
failure.
3. Results
The load deﬂection curves were used to compute the stress nec-
essary to shear the ceramic–metal bond. Corresponding means
and standard deviations of shear bond strength of the three
porcelain materials, in both forms, are presented in Table 2.
Also, Table 3 shows the two-way ANOVA of shear bond
strength across opaque form and porcelain system. Both fac-
tors and the interaction had signiﬁcant effect on shear bond
strength (P< .05). Likewise, one way ANOVA showed that
there is a signiﬁcant effect of opaque form on the porcelain-
metal shear bond strength (P< .05).
Furthermore, t-test for multiple comparisons among means
(Table 4) showed a signiﬁcant difference in shear bond
strength between the two forms of the three porcelain materi-
als tested (P< .05). This indicates that the paste opaque por-
celain produced signiﬁcantly higher shear bond strength values
than the powder/liquid form with all porcelain brands tested.
The failures occurred at the interface with variable amounts
of porcelain remaining on the metal surface.
Vita VMK 95 had the highest shear bond strength (14.11
MPa ± 0.775) in the powder/liquid form while Ceramco 3
was the highest in the paste form (21.03 MPa ± 0.5). How-
ever, GC Initial MC was the lowest in both forms; 8.24re (C) Manufacturer
VITA Zahnfabrik H. Rauter GmbH & Co. KG,
Bad Sa¨ckingen, Germany
DENTSPLY Ceramco, Burlington, New Jersey 08016 USA
GC America Inc., Alsip, IL 60803, USA
SD Std. error 95% Conﬁdence interval
lower bound Upper Bound
0.775 0.245 13.557 14.67
0.2 0.063 9.9 10.18
.097 0.03 8.17 8.31
2.54 0.46 9.85 11.74
0.39 0.123 19.5 20
0.5 0.157 20.67 21.4
0.28 0.088 14 14.35
3.05 0.56 17.17 19.5
Table 4 t-Test for equality of means of shear bond strength between the two forms of the porcelain materials tested.
Material t df Mean diﬀerence Std. error diﬀerence 95% Conﬁdence interval of the diﬀerence Sig.
Lower Upper
Vita VMK95 20.54 18 5.64 0.274 6.22 5.06 0.000
Ceramco 3 64.702 18 10.99 0.17 11.35 10.63 0.000
GC initial 63.65 18 5.92 0.093 6.11 5.72 0.000
Table 3 Two-way ANOVA of shear bond strength across opaque form and across porcelain system.
Source Type III sum of squares df Mean square F Sig.
Material 357.337 2 178.67 949.636 0.000
Form 847.053 1 847.05 4502.152 0.000
Material · form 90.724 2 45.362 241.103 0.000
Error 10.16 54 0.188
Total 14012.663 60
Figure 3 SEM images of Vita VMK 95 post-tested metal surface ﬁred with powder/liquid opaque porcelain (original magniﬁcation
·1500).
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two forms of opaque porcelain, pairwise multiple comparisons
showed a signiﬁcant difference between the three materials
(P< .05). Similarly, within every porcelain system, there was
a signiﬁcant difference in shear bond strength between the
two forms studied (P< .05).
SEMs showed that conventional powder/liquid opaque
porcelain specimens of the three brands tested (Figs. 3–5) dem-
onstrated predominately adhesive failure with less residual
porcelain on the metal surface compared with paste opaque
porcelain (Figs. 6–8). Unlike Vita VMK 95 and Ceramco 3,
the mode of interfacial fracture of GC post tested specimens
was mainly adhesive, with isolated areas of cohesive failures.
4. Discussion
In addition to its concealing ability, opaque porcelain initiates
bonding to the veneered metal substructure [17]. The presenceof opaque porcelain generally increases the debonding strength
for metal-ceramic systems; however, opaque porcelain may not
be necessary for a clinically acceptable metal–ceramic bond for
some metal–ceramic systems [4]. This study was conducted to
compare the shear bond strength of two forms of opaque por-
celain to metal. It was observed that the paste form yielded
higher shear bond strength to metal than the conventional
powder/liquid form. This signiﬁcant difference could be due
to the relatively higher ﬁring temperatures of paste opaque
porcelains and the difference in recommended drying and
pre-drying times. Hammad et al. [15], Hammad and Stein
[13] found that ﬁring the opaque porcelain 65 F higher than
the recommended temperature signiﬁcantly increased the bond
strength. These results agreed also with the ﬁndings reported
by Wight et al. [30].
Smaller particle size of the paste opaque porcelain was
observed during manipulation and in the manufacturers’
details (Table 1). This could explain the homogeneity of the
Figure 4 SEM images of Ceramco 3 post-tested metal surface ﬁred with powder/liquid opaque porcelain (original magniﬁcation ·1500).
Figure 5 SEM images of GC initial MC post-tested metal surface ﬁred with powder/liquid opaque porcelain (original magniﬁcation
·1500).
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the metal by the opaque porcelain and consequently enhanced
bond strength. However, this conjecture needs further investi-
gation. Furthermore, human manipulative errors are not out
of consideration when we try to look for an explanation. This
factor, if signiﬁcant, would affect the powder/liquid form more
than the paste form.
Despite limitations, base metal alloys are widely used in
various parts of the world, particularly when economy is the
prime consideration. Economy was also the reason behind
using a base metal alloy for fabricating the rather bulky
specimens in this investigation. Since strong discrepancies in
the coefﬁcient of thermal expansion (CTE) between veneering
porcelains and core substructure signiﬁcantly affect their bond
strength [23], Talladium was the alloy of choice with its CTEslightly different from that of the porcelain systems used in this
investigation (0.0000139 mm/mm C at 500 C). This slight
difference in CTE between the alloy and the porcelain materi-
als is desirable to place the interface under compression lead-
ing to stronger bonding. Ceramco 3 (0.0000145 mm/mm C
at 500 C) and Vita VMK 95 (0.0000137 mm/mm C at
500 C) have a higher coefﬁcient of thermal expansion than
GC Initial MC (0.0000131 mm/mm C at 500 C). Thus,
Ceramco 3 and Vita VMK 95 in the molten stage contract fas-
ter than Talladium, which places the porcelain veneer under
tension and the bond site under compression [19]. This expla-
nation is in agreement with the obtained means of shear bond
strength.
SEMs showed that paste opaque specimens demonstrated
predominately cohesive failure with more residual porcelain
Figure 6 SEM images of Vita VMK 95 post-tested metal surface ﬁred with paste opaque porcelain (original magniﬁcation ·1500).
Figure 7 SEM images of Ceramco 3 post-tested metal surface ﬁred with paste opaque porcelain (original magniﬁcation ·1500).
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celain (powder/liquid), suggesting that the paste form has
stronger bond to metal than the conventional form. These
ﬁndings correlate with the obtained shear bond strength val-
ues. However, evaluation of the types of metal-ceramic failures
is critical even though cohesive failures within porcelain have
been an indication of clinically acceptable metal–ceramic
bonds [31].
Considering technical preference, the dental technologist
would have the freedom to select the opaque porcelain form
of choice without being concerned about its inﬂuence on bond
strength. Furthermore, from a clinical standpoint, the interpre-
tation of the results suggests that the two forms of opaque por-
celain tested exhibit adequate ceramometal bond strengthvalues and can be used routinely. It has been reported that
shear bond strength means greater than 10 MPa indicate
clinically satisfactory results, representing a higher bond
strength value than that required to cause the clinical ﬂaw of
metal-ceramic union [31]. However, this statement cannot be
used for judgment without considering the testing method.
Also, the limitations of in vitro studies, which may not
completely simulate the in vivo environment, should be
considered as laboratory failure mechanisms are not always re-
lated to clinical failure mechanisms [15]. Although laboratory
studies offer predictable guidance to comprehensive selection
of materials, clinical longitudinal studies should also be
encouraged to complement laboratory results and enhance
clinical standards.
Figure 8 SEM images of GC initial MC post-tested metal surface ﬁred with paste opaque porcelain (original magniﬁcation ·1500).
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Within the limitations of this study, the following conclusions
could be made:
1. Paste opaque porcelain produced signiﬁcantly higher shear
bond strength than the conventional powder/liquid form
for the metal alloy and porcelain brands tested.
2. Paste opaque porcelain can be used with conﬁdence as an
alternative to the conventional powder/liquid form during
the fabrication of ceramometal restorations.
3. Based on all SEMs evaluation, the pattern of failure was
more adhesive for the powder/liquid form and more cohe-
sive for the paste form.Acknowledgment
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